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Industry Output, Labor Input, Value Added, and 
Productivity Associated with Food Expenditures 


By Hazen F. Gale 


N AN ARTICLE in the July 1962 issue of this 
onal Waldorf (20)1 pointed out some of the 
applications of an input-output model to prob- 
lems in agricultural marketing. These applica- 
tions fall into two categories; (1) A descriptive 
transactions table which shows the relationship 
among various industries and (2) predictive 
analysis which shows the impact in various in- 
dustries of changes in selected exogenous vari- 
ables. Since that time few if any applications of 
the model to problems in agricultural marketing 
have been made. The major reason has been 
the lack of data. Until 1965, the only year for 
which input-output coefficients of the marketing 
sectors were available was 1947 (7).2 

Carter and Heady (4) produced an abbreviated 
table in 1954 and Masucci (13) published 1955 
data for the farm sectors, Both of these studies 
were largely based on data in the 1954censuses 
of agriculture, manufacturing, and mining. The 
usefulness of these data was limited because 
the coefficients of'direct plus indirect require- 
ments could not be computed. 

In 1965, input-output tables for 1958 were 
published by the Department of Commerce (17); 
these data have sparked new interest in input- 
output models as both descriptive and analytical 
tools. An illustration of the transactions between 
agriculture and other sectors of the economy 
(based on the Commerce table) was presented 
by Blaich and Herrmann (2), 

Though many of the studies have been de- 
scriptive, several have been predictive in the 
sense of showing industry requirements for 
estimated future demand. The Bureau of Labor 





’ Underscored numbers in parentheses refer to items in 
the References, p, 131, 

2 Leontief's tables for 1919, 1929, and 1939 (11) were 
not sufficiently like the 1947 table to permit meaningful 
comparisons in the area of agricultural marketing, 


Statistics has made projections of labor re- 
quirements for 1970 under varying assumptions 
about the labor force and final demand (14). 
Almon has made projections of interindustry 
transactions for selected years up to 1980 (1). 
The business community also is interested in 
input-output analysis. Recently Business Week 
published tables showing interindustry trans- 
actions to 1980 based on work done by Almon 
at the University of Maryland (3), 

The study reported here is primarily descrip- 
tive. It shows the total output, labor, and value 
added requirements of each industry so that 
agricultural, food processing, and trade in- 
dustries could produce the output represented by 
civilian expenditures for farm food in 1947 and 
1958. The estimates of these data are made by 
means of the input-output framework. From 
these data we can pinpoint the contributions of 
various industries to the 1947-58 changes in 
total output, labor, and value added require- 
ments to produce the farm food. These data are 
then interpreted to estimate the rate of increase 
in labor productivity for the whole subsystem 
producing farm food products. This system in- 
cludes farmers, their suppliers, and the indus- 
ties which sell to the suppliers as well as the 
food manufacturing, food distribution, and trans- 
portation industries. 

The general procedure was to multiply diagonal 
matrices of final demands by various coefficient 
matrices in 1947 and 1958. Diagonal elements 
of the final demand matrices corresponding to 
livestock products, other agricultural products, 
food and kindred products manufacturing, trans- 
portation services, and wholesale and retail 
trade (industries 1, 2, 14, 65, and 69)? contain 


8 The industry numbers correspond to those used by the 
Office of Business Economics in the Survey of Current 
Business (17), See table 2 for a listing of the industries to 
which this article pertains, 
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final demand entries; all other elements are 
zero. Final demand represents civilian expendi- 
tures for farm food in 1947 and 1958. Three 
coefficient matrices in each year represent 
gross output requirements by industry per dol- 
lar of final demand, value added requirements 
per dollar of final demand, and labor require- 
ments (number of persons) per dollar of final 
demand. A description of the computations in 
matrix notation is shown in the appendix. 

The first step was the computation of direct 
coefficient matrices for 1947 and 1958. These 
show for a particular industry the value of 
various inputs purchased directly for each dol- 
lar's worth of output produced by the industry. 
These coefficients are computed by dividing the 
cost of each input by the total output of the in- 
dustry. We can call this matrix of coefficients 
A. The 1948 matrix is approximately the same 
as that published in the Survey of Current Busi- 
ness (17). The 1947 matrix was based on a 
reaggregation of the original 1947 data (7) to an 
82-sector table comparable with the 1958 data. 
The Office of Business Economics compiled the 
basic data for both the 1958 and the comparable 
1947 tables. 

The second step was the computation of an 
"inverse matrix," (I-A)~!, for each year. The 
coefficients in this matrix show the value of 
direct plus indirect output required in each in- 
dustry so that a particular industry can deliver 
one dollar of its output to final demand. This 
matrix was derived from the matrix A above. 

The third step was derivation of the other two 
coefficient matrices. Direct plus indirect labor 
coefficients were computed by premultiplying 
the inverse matrix above by a diagonal matrix 
of direct labor coefficients. The direct labor 
coefficient for each industry was the total num- 
ber of persons employed in an industry divided 
by its value of output. The direct plus indirect 
labor coefficients show the number of persons 
required in each industry so that a particular 
industry can deliver $1 of its output to final 
demand. 

Direct plus indirect value added coefficients 
were computed by premultiplying the inverse 
matrix by a diagonal matrix of direct value 
added coefficients. These direct coefficients 
were computed by dividing total value added for 
each industry by the corresponding output for 
that industry. 
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Each of these matrices was subsequently 
multiplied by a matrix of civilian expenditures 
for farm food. 


Civilian Expenditures for Farm Food 


The Economic Research Service for many 
years has estimated total civilian expenditures 
for food derived from U.S. farm products. The 
farm value and the total marketing "bill" asso- 
ciated with these expenditures also have been 
estimated. These indicate how much the agricul- 
tural and marketing industries were contributing 
to the value of the consumer's purchases. A 
recent publication (8) presented estimates of 
the contribution of various marketing agencies 
(processors, wholesalers, retailers, etc.) to 
the total marketing bill. 

The estimates of total civilian expenditures as 
published could not be applied directly to the 
input-output coefficients because they did not 
fit the necessary format. Consumers purchased 
farm food and related services from the following 
five input-output sectors: 

1. Livestock products 
2. Other agricultural products 

14, Food and kindred products manufacturing 

65. Transportation services 

69. Wholesale and retail trade 

The transactions tables from which the co- 
efficient matrices are derived were quoted in 
producers' prices. This means that each trans- 
action between two industries is valued at the 
establishment of the producer. The purchaser 
then buys transportation and trade services along 
with the product.” For example, in the 1958 
table (17) the food manufacturing industry (in- 
dustry 14) bought $16.3 billion worth of materials 
from livestock industry (industry 1); at the same 
time the food industry also purchased $0.7 billion 
of trade and transportation services so that 
the total cost of livestock products to food manu- 
facturers was $17.0 billion. The $0.7 billion does 
not appear explicitly in the table but is included 
in the total ($2.6 and $2.4 billion) purchased 
from the transportation (industry 65) and trade 
(industry 69) industries. Since the basic data 
were valued at producers' prices, the estimates 
of civilian food expenditures used in this report 
also are in terms of producers' prices. 





4See Survey of Current Business, November 1964, page 
16, for fuller explanation, 

















Unpublished data showing the value of food 
shipped through various marketing channels 
were used to allocate expenditures among these 
five groups (table 1). The purchases from in- 
dustries 65 and 69 represent the gross margins 
associated with final products that consumers 
purchased. Transportation, wholesale trade, and 
retail trade margins (including eating places) 
associated with eggs, fresh fruits and vegetables, 
and finished manufactured foods are all included 
in the purchases from industries 65 and 69. 
Transportation and assembly charges incurred 
between farmers and manufacturers are not 
included here, but are included in the manu- 
facturer's value. 

The 1947-58 increases in purchases from 
various sectors varied widely from the increase 
of 45 percent for all food. Total purchases from 
food manufacturing increased 50 percent while 
those from the livestock products group de- 
creased 25 percent. The trade margins increased 
64 percent. The increase for food manufacturing 
accounted for 58 percent of the total increase, 

The civilian expenditures data used in this 
report differ in several details from personal 
consumption expenditures reported by OBE in 
the input-output tables and in the National In- 
come Accounts (17). Food sold to medical, 


Table 1.--Civilian expenditures for farm food 
products by producing industry, 1947 and 
19582 














Producing industry 1947 1958 
----Million dollars---- 
1, Livestock products...e. 3,491 2,587 
2. Other agricultural 
PPOGUCES r cccccccccccce 2,122 1,950 
14, Food and kindred prod- 
ucts manufacturing.... |22,308 33,420 
65. Transportation services 1,164 1,913 
69. Wholesale and retail 
GHBO8 0006000 COCKE COCs 12,853 21,127 
TOGO 6000 060068000060 41,938 60,997 





2 These expenditures are valued at produc- 
ers' prices in current dollars. 





educational, and nonprofit organizations to be 
served as meals is treated by the OBE as an 
intermediate product purchased by those organi- 
zations for their business activities. In our 
civilian expenditure series we treat that food as 
sales to consumers through eating places. Simi- 
larly, food purchased as business expenses does 
not appear as personal consumption ex- 
penditures, but as an input to business (via 
industry 81 in the OBE tables). We include these 
purchases in civilian expenditures for food. 
These categories amounted to about 4 percent 
of total civilian expenditures. 

Personal consumption purchases in the OBE 
table from industries 1 and 2 include the value 
of food consumed on farms where grown. Civilian 
expenditures exclude the value of this food. 
Some purchases of flowers, seeds, and other 
greenhouse items also are included in the per- 
sonal consumption expenditures from industry 2, 
but they are not included in civilian expenditures. 

Another qualification is that the food manu- 
facturing industry in the OBE tables includes 
manufactured feeds, fish, alcoholic beverages, 
and foods manufactured from imported products, 
while civilian expenditures for farm foods ex- 
clude these items. Since these products require 
different inputs than the farm food products, the 
results could be affected. However, the effect of 
this qualification is considered small. Alcoholic 
beverage production is the major item in this 
group. 


Current Output Requirements 


Expenditures for food from the five industries 
mentioned earlier were only the final step in a 
chain of transactions. For consumers to obtain 
this food, a certain amount of production was 
required in nearly every industry. These in- 
dustry-by-industry outputs were computed by 
postmultiplying the inverse matrix, derived 
earlier, by the diagonal final demand matrix 
shown in the previous section. The result shows 
the output required, directly and indirectly, to 
enable particular industries to deliver their 
shares of civilian food expenditures. 


1958 OUTPUT REQUIREMENTS 


The food and kindred products manufacturing 
industry (industry 14) had the largest gross out- 
put requirements related to civilian expenditures 
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for farm food products in 1958 (table 2, column 
6). For consumers to obtain $60,997 million 
worth of food, the industry had to produce 
$43,023 million. This is considerably above the 
food and kindred products component of civilian 
expenditures ($33,420 million) in table 1. The 
reason for this difference is that some of the 
output of the food industry was required as an 
input into livestock and other industries. 

Some of this "extra" output was required by 
the other components of civilian expenditures. 
For example, $458 million of output by the food 
and kindred products industry was required to 
enable the livestock industry to produce 
its $2,587 million share of civilian expenditures. 
Similarly, small amounts of output were re- 
quired to enable the other three industries to 
produce their share (read across the row for 
industry 14). 

The second mostimportant industry, as meas- 
ured by gross output required, was wholesale 
and retail trade. It had to produce $25,228 million 
in 1958. Most of this production was needed to 
satisfy the $21,127 million component of civilian 
expenditures. However, $3,005 million in trade 
services were required in connection with the 
food and kindred products industry's share of 
civilian expenditures. These services enabled 
the food and kindred products industry and its 
suppliers to obtain the inputs necessary to 
produce those civilian expenditures. The live- 
stock industry and its suppliers purchased $212 
million in trade services associated with pur- 
chased inputs required to produce the livestock 
portion of civilian expenditures ($2,587 million 
in table 1). 

The agricultural industries (1 and 2) are 
next in importance, though their combined output 
is slightly larger than that of the trade industry. 
The livestock industry output related to food 
expenditures was $16,972 million. Most of this 
output ($13,281 million) was associated with the 
manufactured food component of expenditures, It 
represents the returns to livestock farmers for 
meat animals, milk, and other products used to 
manufacture meat, poultry, butter, cheese, fluid 
milk, and other products. In addition, the live- 
stock industry had to produce $3,315 million to 
enable it to fulfill its own component of civilian 
expenditures ($2,587 million). These expendi- 
tures included eggs and milk sold by farmers 
directly to consumers, 
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The total output requirement of the crop 
industry was $10,163 million, Again, most ofits 
output was related to the food processing in- 
dustry's delivery to final demand. Fruits and 
vegetables for processing, wheat for flour, and 
soybeans used for oil in shortening all represent 
crop inputs. In addition, the crop industry sup- 
plied feed to the livestock industry to produce 
meat animals and milk, which were used by 
food processors. Fresh fruits and vegetables 
purchased by consumers are included in the 
$2,106 million value of output required to fulfill 
the crop component of civilian expenditures 
($1,950 million). The crop industry also needed 
to produce $934 million worth of feed so that the 
livestock industry could produce the eggs and 
milk in its component of expenditures. 

We can follow the path through other industries 
and determine the various inputs required by the 
industries which sell food to consumers. For 
example, the food manufacturing component of 
civilian expenditures required output of $1,506 
million by the real estate and rental industry 
(industry 71), This represents rents paid and 
other real estate services. Expenditures for 
manufactured food also required $1,837 million 
of output by the business services industry 
(industry 73). This represented mainly adver- 
tising, though other services were involved. 
Another important supplier of food processors 
is the metal container industry. It had to pro- 
duce $1,024 million worth of materials so that 
the food processors could produce food for 
consumers, 


1947 OUTPUT REQUIREMENTS 


The requirements by industry in 1947 can be 
analyzed in the same manner as for 1958. Most 
of the important industries in 1958 were also 
important in 1947 (table 3). There were some 
changes because of the different mix of inputs 
in 1947 than in 1958 and because the relative 
importance of the various components of civilian 
expenditures changed between 1947 and 1958. 
Perhaps the most significant factor was the 
existence of relatively high farm prices in 1947. 
Since these data are in current prices, changes 
in output requirements reflect changes in price 
levels as well as changes in technology and 
consumer preferences. 








Table 2,--Gross output needed from selected industries to produce output represented by 
civilian expenditures for farm food, 1958? 








Producing industry 


Industries delivering to final demand 














1 2 | 14 | 65 | 69 Total 
Million dollars 
Civilian expenditures from each industry..e.. |2,587 1,950 33,420 1,913 21,127 60,997 
1, Livestock and livestock productS.ecccceee (3,315 212 13,281 8 156 16,972 
2... Other agricultural PFPOAUCEScccccccecceceos 934 2,106 6,936 10 177 10,163 
4. Agricultural, forestry and fishery 
SCPVICESccccccccccccecceecccececeeecccecs 98 83 517 1 45 144 
T. Coal MIiniNW.ccocccccccccceccsccececccccece 5 4 117 5 43 174 
8. Crude petroleum and natural gaSccccccccecs 38 59 488 59 188 832 
12. Maintenance and repair construction, .ecee 14 64 171 102 427 1,438 
14, Food and kindred products. ccccccccsccceee 458 38 42,153 17 357 43 ,023 
24, Paper and allied products, except con- 
CAINETScccccccccecececceccovcoceveccecee 23 7 947 16 352 1,355 
25. Paperboard containers and boxeSecccccccce 13 5 731 4 119 872 
6.. Printing end publ iehingsscccccccccocesoes 29 32 687 26 417 1,251 
27. Chemicals and selected chemical products. 718 144 906 19 139 1,286 
31, Petroleum refining and related industries 67 107 833 108 277 1,392 
35. Glass and glassS productS.cccccccccccccccce 6 2 442 3 41 494 
39. Metal containerSccccccccccccccscsccccccce 14 4 1,024 2 16 1,060 
44, Farm machinery and equipment...ccccccccece 9 19 18 1 15 122 
59. Motor vehicles and equipment..cccccccccce 13 9 151 21 126 320 
65. Transportation and warehouSing.ccccceccce 134 68 2,819 2,074 497 5,592 
66. Communications; except radio and 
TV DPOAdCASTINGecccccvccccccsccescsecsces 21 16 323 23 311 694 
68. Electric, gas, water and sanitary 
SEPVICEBccccccceccecceceecececececoecece 44 38 7120 28 637 1,467 
69. Wholesale and retail trade€ccccccccccccece 212 136 3,005 95 21,780 25 , 228 
10, Finance and insurance.ceccccccccccccceces 70 57 865 68 605 1,665 
71, Real estate and rentalecccccccccccccccecce 153 203 1,506 94 1,410 3,366 
12. Hotels; personal and repair service, 
excluding AUTO ccccccccccccccccccccecsecss 5 4 123 2 133 269 
713, BusineSS SErviceSecccccccccccccccccccccsece 82 103. «1,837 54 1,297 3,373 
15. Automobile repair and serviceSeccccccccce 19 10 358 53 227 667 
7171, Medical, educational services, and non- 

DPOTIE GPBANISACIONS. «146.0040 0c00sesece 21 4 145 3 36 209 
SUNSOEEL cc covcceceoscoccoecoccosocccocces [5,906 3,566 81,763 3,008 29,888 124,028 
Other industrieScccccccccccccccscccscscceces 321 306 7,528 414 2,667 11,236 

Debad cccccccceosecsvccccesosecoseccoss OE 8S 030K 38.0 06S (ee 








4 Entry in each cell represents the output required, directly and indirectly, from the 
industry named in the stub, so that the industry named at the column head could deliver its 


share of "civilian expenditures for farm food" to consumers, 








Table 3,--Gross output needed from selected industries to produce output represented by 


civilian expenditures for farm food, 19472 





Producing industry 


Industries delivering to final demand 








1 | 2 14 65 | 69 | Total 
wo nn nner nnn anne n------- 222 ---- Million dollars ---- 
Civilian expenditures from each industry..... |3,491 2,122 22,308 1,164 12,853 41,938 
1, Livestock and livestock productS..ecccece | 4,324 266 10,970 10 121 15,691 
2. Other agricultural productS.cccccccccccece | 1,804 2,355 1,979 10 130 12,278 
4. Agricultural, forestry and fishery 
SOTVICCBcccccccccceceeeceeseeccceseeeeee 107 86 396 0 6 595 
i Coal MininWecccccccccccccvcecccescesccsccese 15 8 156 33 62 274 
8. Crude petroleum and natural gZaSecccceceee 42 34 247 31 97 451 
12, Maintenance and repair construction..ecees 128 15 588 80 232 1,103 
14, Food and Kindred productScccccceccccccecs 595 49 27,782 19 223 28 ,668 
24, Paper and allied products, except con- 
PCRs 0-00 56064 00666600000 606606 0000668 27 12 534 11 255 839 
25. Paperboard containers and boxeS.secccccce 9 3 229 3 15 319 
26. PHINCING Gril PUBLISHING. .cckcccecccsevoes 23 11 299 14 307 654 
27. Chemicals and selected chemical products. 80 18 549 12 65 184 
31. Petroleum refining and related industries 80 65 464 60 178 847 
So, GLaSS Bil BLESS HPLOGUCES 5 o0csccccescoesee 9 2 182 1 19 213 
See MOESL CONCRINSTEs ccs evsecvresevecesceeovees 11 2 309 2 17 341 
44, Farm machinery and equipmentecccccccccces 7 6 28 0 2 43 
59. Motor vehicles and equipment..ccccccccccs 21 16 129 15 116 297 
65, Transportation and warehousing. .cccsccece 219 83 1,566 1,251 470 3,589 
66. Communications; except radio and 
TV Droadcasting. coccccccccccscccccccvcece 8 4 82 6 131 221 
68. Electric, gas, water and sanitary 
BETVICER ccccccceoecceceococecsoscoevecves 29 12 265 14 202 522 
69, Wholesale and retail tradecccenccceccccce 266 115 1,418 56 13,358 15,213 
T0e PADGNCS Gd INSULRNCG sic. cs eter veseeceves 712 41 402 30 308 853 
71, Real estate and rental. ccocccccccccccccce 234 229 1,096 26 617 2,262 
12, Hotels; personal and repair service, 
EXCLUGINE aUutd0ccccccccccccccccccsccccccs 13 11 93 a 109 230 
tSe DUSITOSEE SEPVICEBc.o066ccccdcscveceeceeoce 37 19 524 15 607 1,202 
15, Automobile repair and serviceScccccccccce 32 23 217 18 183 473 
11. Medical, educational services, and non- 

PUOTIC CPGMNITECIONR Ss c6 ccs vecrceevceceens 15 3 13 2 26 119 
BUG nssssccdsecswsensesovssuesewseren [O;e0t S08 S507) 13578 T7086 88,081 
Other industries. ccoccccccccccccccccscccce 337 216 3,371 230 1,410 5 ,664 

TOCA occcvccccccccoccccsoeseosavcccosese 19,068 3,806 60,068 1,963 19,376 93,745 




















2 Entry in each cell represents the output required, directly and indirectly, from the 
industry named in the stub, so that the industry named at the column head could deliver its 


share of "civilian expenditures for farm food" to consumers, 











Current Labor Requirements 


A major disadvantage of analyzing the changes 
in gross output requirements is the problem of 
price changes. The prices of products in most 
industries fluctuate over time in response to 
changes in supply, demand, and cost conditions. 
Not all industries are affected equally. 

An additional disadvantage of comparing cur- 
rent dollar totals for 2 years is the change in 
the degree of specialization. Suppose two in- 
dustries now perform essentially the same op- 
erations that formerly were performed by one 
industry. This change will be reflected as an 
increase in gross output, since the first industry 
now sells intermediate products to the second 
industry which finishes the job. Nonew net output 
is created, just an increase in transactions. An 
illustration is the shift to the purchase of mixed 
feeds by Jivestock producers rather than growing 
feed on their own farms. Formerly, all of the 
production was limited to the feed and livestock 
enterprises of a livestock farm; gross output was 
the sum of sales by these two enterprises. Now, 
crop farmers grow feed crops and sell to feed 
manufacturers, who sell mixed feed to the live- 
stock farmer. Thus, a new transaction has been 
added, though the total net output is the same. 
This type of increase in gross output is re- 
flected in the change in gross output require- 
ments between 1947 and 1958. 

Part of these problems can be overcome by 
estimating the total labor requirements rather 
than gross output requirements. Tables 4 and 5 
show the number of persons required in each 
industry to provide the farm food purchased by 
civilian consumers.” The data on employment 
show which industries expanded or reduced 
employment. Increases and decreases in em- 
ployment reflect such factors as change in output 
of the industry, change in output per person, 
change in the product mix, or change in activities 
involved. 





s Ideally, the number of man-hours would have been 
more appropriate, but adequate data on man-hours are 
not available for all industries, The number of persons 
engaged includes all paid employees, proprietors of 
unincorporated businesses, and unpaid family workers, 
The number includes full- and part-time workers with 
no adjustment to full-time equivalent, The number of 
employees for 1958 was published by BLS (14); for 1947 
special data obtained from BLS were reaggregated to 
conform to the 82-sector table, 








The amount of labor required, directly and 
indirectly, in each industry was computed by 
postmultiplying the labor coefficient matrix 
derived earlier by the diagonal matrix of final 
demands. The result is the total number of 
persons required, directly and indirectly, in 
each industry to enable a particular industry to 
deliver its share of civilian expenditures for 
food. 

About 10 million persons were required in 
1958 to produce and distribute food products 
and the necessary supplies required for that 
production and distribution. The ranking of 
various industries according to persons engaged 
in 1958 was considerably different from the 
ranking according to gross output. The largest 
number of persons were engaged in the whole- 
sale and retail trade industry. This industry 
needed 3,599,000 persons to produce the trade 
services required in the production and distri- 
bution of farm foods. Table 4 shows that civilian 
expenditures for trade services (associated with 
industry 69) required 3,107,000 persons in the 
trade industry. In addition, 429,000 persons were 
required in the trade industry so that the food 
processing industry and its suppliers could 
obtain their inputs needed to produce civilian 
purchases from industry 14. Some of these 
persons were employed by fertilizer dealers 
and other firms which supply farmers. Others 
were needed in the distribution of containers 
and other supplies. 

A small number of persons were required in 
the trade industries to facilitate the production 
and distribution of civilian purchases from 
livestock, crops, and transportation industries. 

The second largest number of employees were 
engaged in the livestock products industry 
(1,892,000 persons), Most of these persons 
(1,480,000) were involved in producing the ani- 
mals, poultry, and milk used in the food 
processing industry. A substantial number 
(370,000) were engaged in producing the un- 
manufactured foods purchased by consumers 
from the livestock industry (mainly eggs). . 





6 The allocation of persons between crops and livestock 
enterprises is somewhat artificial, because farmers 
cannot always allocate their employees accurately among 
farm enterprises; in addition, the estimates of average 
hours worked by family members are very uncertain, 
For this report the proportion of man-hours worked in 
each enterprise, estimated by ERS, was used to allocate 
the number of persons, 
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Table 4,--Persons engaged by industry for production of output represented by civilian 
expenditures for farm food, 19582 























Industry delivering to final demand 
Producing Industry 

1 [2 | [es | 69 | ata 

won e cern nnn nnn ene n ee = 1,000 persons ------------------- 

1. Livestock and livestock productS.cccccccccccccccccee | 310 24 1,480 1 17 1,892 
2. Other agricultural productS.ccccccccccsccccccccccscee {116 262 863 1 22 1,264 
4. Agricultural, forestry and fishery services8..ccccces 13 11 70 -- 6 100 
1 Coal MINING. cocccccecccceseeececececcevcesscccccecee 0 0 ti 0 3 14 
S, Crude petrolews Gnd MACUPEl GEScccccccccceccescceoes 1 2 16 2 6 27 
12, Maintenance and repair construction. ceccecccccccececs 6 5 56 8 32 107 
14, Food and kindred DFOAUCUBcccccecsecseesceccececeoceceos 13 1 1,178 — 10 1,199 
24. Paper and allied products, except containerS..cececece y i 36 1 13 52 
25. Paperboard containers and DOXESsceccccccccccccccvecee 1 - 33 -- 5 39 
26. Printing and Publishin@eccccccecececvecesccccccoocces 4 2 52 2 36 94 
27. Chemicals and selected chemical productS.cccccecccce 3 5 29 1 5 43 
31. Petroleum refining and related industries. ccccccces 1 1 11 1 3 17 
ike. EMED GRO GUAGE POOCUCEH soo 60:6.0:406066005000006000068 0 0 29 0 3 32 
39. Metal COMNMEAINETS ec cccccccecceccvccesecccescecececcceos balla = 34 — 1 35 
44, Farm machinery and Equipment. ccccccccccccccccccccccs oe 1 5 sade 1 6 
SO, Motor Vehicles and GquIOMenhsc0ciccceseccceecveesses -- of 4 i 3 8 
65. Transportation and warehouSingeccccccccccccccccceses 11 5 224 164 39 443 
66, Communications; except radio and TV Broadcasting.... 2 }b 27 2 26 58 
68. Electric, gas, water and sanitary serviceS.ccccccoce 1 tT 22 z 20 45 
69. Wholesale and retail Crad€cccoccceceeccosovceccecece 30 19 429 14 3,107 3,599 
70. FPAnance aNd INSUTANCE. sccceccccecovcscsccceccscesoce 6 5 69 6 48 134 
Tis Real estate and PONtal ccccccccccccccccecsccceccccoe 2 2 be | 1 15 37 
712, Hotels; personal and repair service, exc. auto ...ccc 1 i! 25 1 27 55 
13, BUSINESS SETVICES. ccocccccceccccccccncecccccecccccoes 5 6 111 3 78 203 
15. Automobile repair and ServiCeS.cccccccccccccccccccce 1 1 18 3 11 34 
171. Medical, educational and service organizations...eee 3 1 22 1 5 32 
DAP CS GEL 66.66.6606 666666 6C66SOSOCHEOO6S COD 46OHK OOO OOEO 589 357 4,867 214 3,542 9,569 
Other induStrieS. ccocccccccccescccccccccecccccecccocs 12 13 257 17 131 430 
DOCRL 6.6.6 6 0 06:6:066:6:6b666FCC6CEO 666K HOES COO OO HHOECOS 601 370 5,124 231 3,673 9,999 
OS SO eee Rae ee ae RE aL 288 243 931 152 3,014 4,628 
Indirect @eeeeaeaeoeaeoes ee ee eeeee eee eeeeeaneaeeeeeeeeeeeeeaeeeeee 313 127 4,193 19 659 5,371 








a 
Each entry represents the number of persons required, 


share of civilian expenditures to consumers. 


directly and indirectly, in the 
industry named in the stub, so that the industry named in the column head could deliver its 


Number of persons required directly in the column industry. Number of persons required 


indirectly in all other industries, including the indirect requirements for the column 


industry. The direct requirements in industry 2 for its share are 243,000 persons; indirect 
requirements in that industry are 262-243=19,000 persons; indirect requirements from other 


industries are 127-19=108,000 persons, 



























Table 5.--Persons engaged by industry for production of output represented by civilian 
expenditures for farm food, 1947% 






































Industry delivering to final demand 
Producing industry 
1 2 14 65 69 Total 
1,000 persons 
1, Livestock and livestock products...cccccccccecvee 583 36 1,480 1 16 2,116 
2 Other Agricultural PLroducts....cccccccvscoccecesescs 435 568 1,923 2 31 2,959 
4, Agricultural forestry and fishery services...... 14 #11 53 -- 1 719 
hg: SEGRE WEE 0k 50 50ns 6 dbweeSsnb sees Kee beeieacecees 2 1 22 5 9 39 
8. Crude petroleum and natural ZaS.cccccccccccseces 2 1 11 1 4 19 
12, Maintenance and repair construction. ..ccccccccce 15 9 68 9 27 128 
14, Food and kindred products..ccccccccccccccccccoes 22 2 1,021 1 8 1,054 
24. Paper and allied products, except containers.... 2 1 40 1 19 63 
25, Paperboard containers & BOKeS...cccoccicvcesoece | -- 16 -- 5 22 
26. PrInGing QA PUBLIGNINEGs.scc0svcwcseecceececcoos 3 1 35 2 37 718 
27. Chemicals and selected chemical products......e. 5 5 32 1 4 47 
31. Petroleum refining and related industries....e.. 2 2 12 2 5 23 
So. Glass and SLOSS PTOEUCES. cc cccccccccccccvccscnse 1 0 23 0 3 27 
39, Metal CONCALNETS cc ccocccccccscsecvvececceccccooee 1 -- 21 -- 1 23 
44, Farm machinery & equipment. .cccccccccscccscccscocs -- 1 3 -- -- 4 
59, Motor vehicles and SquinMent.cccccocccccccsccece 1 1 8 1 8 19 
65. Transportation and warehousing...cccccccccccceccs 30 12 sy Me Np 65 497 
66. Communications; except radio and TV broadcasting 1 1 15 1 22 40 
68. Electric, gas, water and sanitary services...... 2 1 16 1 12 32 
GS. Wholesale and retail tCrade...ccccccecocsccceccces 54 23 285 11 2,692 3,065 
70. Finance and insSurance..ccccccccccccccccccseceseve 9 5 49 3 37 103 
Th, BOGL SOCMEE GAA DONEEL 60 knee 45840646000046%0% 6 5 26 1 16 54 
712. Hotels; personal and repair service, exc. auto.. 5 4 31 1 37 718 
Tide DUBITOEE SOPVLIGEG cc 6:00. 0:60.00 0.4:0:0:0:400:4000:060 060 0% 3 i 36 1 42 83 
75. Automobile repair and SEPVLCES.ccccccccccccocece 7 5 49 4 41 106 
11. Medical, educational and service organizations.. 7 1 35 1 13 57 
SEs paca Hades une Hb 6s 0 OdESSA SNe NEeRNeh ewe 1aGeee 697 5,527 223 3,155 10,815 
Other InGustPies.cccccccecvcvccocesececececvcoves 27 20 257 20 93 417 
EE fc WS4s ewes Sathbetisanesesanbeneaeeessaeel sap aee 717 5,784 243 3,248 11,232 
MMe citiinidstinkkvihbenwnenke: SS hae ee eae 
TGR COOE 5650.5 6.0'50:6'5 6 040ds 0 05.5460 405409065440) 46 S086 169 205 4,964 82 658 6,678 











@ Each entry represents the number of persons required, directly and indirectly, in the 
industry named in the stub, so that the industry named in the column head could deliver its 
share of civilian expenditures to consumers. : 

b Number of persons required directly in the column industry. Number of persons required 
indirectly in all other industries, including the indirect requirements for the column 
industry. The direct requirements in industry 14 for its share are 820,000 persons; indirect 
requirements in that industry are 1,021-820=201,000 persons; indirect requirements from all 
other industries are 4,964-201= 4,763,000 persons. 
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322-388 O - 68 - 2 














The crops industry also ranks high in the 
number of persons required. Again, most of 
this employment is related to supplying the food 
processing industry. Large numbers also are 
needed to produce the products purchased by 
consumers from the crops industry. The live- 
stock industry sales to consumers required 
116,000 persons in the crops industry, mainly 
to produce the feed for the livestock. 

The food processing industry ranked fourth 
in number of persons related to civilian expendi- 
tures for farm food. Thus, its importance is 
substantially less than it was, with respect to 
gross output where it ranked first. 

In 1947 the food production and marketing 
subsystem required 11,232,000 persons to pro- 
duce and distribute civilian expenditures for 
farm food. The trade industry required the 
largest number of persons, but the total was 
less than in 1958. The crops industry was the 
second largest and the livestock industry was 
third. Both of these industries required more 
persons in 1947 thenin 1958. The food processing 
industry ranked fourth in 1947, the same as in 
1958; the number of persons was less than in 
1958. 

Changes in labor requirements between 1947 
and 1958 are surprising. While the value of 
total civilian expenditures for food increased 45 
percent, the number of persons engaged de- 
creased by 1,233,000 persons or 11 percent. 
The total man-hours required declined even 
more because the man-hours worked per person 
generally declined between 1947 and 1958, es- 
pecially in the trade industries (9), The decrease 
in persons required was the net result of in- 
creases in some industries and decreases in 
other industries. The trade industry had the 
largest increase. The number of persons was 17 
percent higher in 1958 than in 1947. Mostof this 
increase occurred in the requirements related 
to civilian expenditures for trade services 
associated with the finished food products. Part 
of this increase was caused by an increase in 
the proportion of part-time employees. 

The largest percentage increase (51 percent) 
in the trade industry was related to the trade 
services purchased by food processors and 
agricultural industries. These services were 
associated with inputs to the food processing 
industry and with purchased inputs into agri- 
culture. This large increase is similar to the 
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large percentage increase in gross output shown 
in tables 2 and 3. 

The number of persons engaged in the food 
processing industry also increased substantially, 
but the percentage increase (14 percent) was 
smaller than for trade. The business services 
industry also increased substantially. This in- 
crease was concentrated in the food processing 
and trade industries; it reflects the large in- 
crease in use of advertising and other business 
services by these industries. 

Requirements in several other industries also 
increased. Though some of these were large 
percentage increases, they were relatively minor 
compared with the changes in numbers men- 
tioned above. All of the industries with increased 
requirements represented a total of 957,000 
more persons in 1958 than in 1947, 

These increases were more than offset by 
decreases in the crops and livestock industries. 
The crops industry employed 57 percent fewer 
persons in 1958 than in 1947, The major cause 
of the reduction was the often cited improved 
output per person in agriculture. The addition 
of machinery, equipment, pesticides, and ferti- 
lizers have all aided farmers in producing more 
with less labor. Changes in farm organization 
and a decline in the use of part time unpaid 
family labor also have helped reduce the number 
of workers required. In the livestock industry 
the decrease was smaller, 11 percent. Apparently 
opportunities for increases in productivity have 
been fewer than in the crops industry. In addi- 
tion, the consumption of livestock products has 
increased considerably faster than the con- 
sumption of crop products, thus helping to re- 
tard a decrease in employment in the livestock 
industry. Of course livestock feed crops have 
replaced some of the human food crops, but 
output per person in production of feed crops 
generally is greater than in production of food 
crops. 

Fewer persons were required in several other 
industries, but most of these decreases were 
small compared with the decreases in livestock 
and crops. All industries with a reduction in 
employment requirements represented 2,109,000 
fewer persons in 1958 than in 1947; 1,919,G00 
of these were in the livestock and crops indus- 
tries. The net result of increases and 
decreases was a decrease of 1,233,000 per- 
sons. 








Value Added Requirements 


Total civilian expenditures for food are the 
sum of the pieces of value added by each in- 
dustry.’ Value added by each industry was 
computed by post-multiplying the total (direct 
plus indirect) value added coefficient matrix, 
by the final demand diagonal matrix (see p. 114 
and appendix). The result is the value added re- 
quirements in each industry (directly and in- 
directly) to enable a particular industry to pro- 
duce its share of civilian expenditures. 

The major portions of value added are con- 
tributed by the trade, food processing, agri- 
culture, and transportation industries (table 6); 
these industries made up 70 percent of the total. 
The rest is distributed throughout the economy. 
For example, real estate (industry 71), business 
services (industry 73), paper (industries 24, 25, 
26), containers (industry 39), and utilities (in- 
dustry 68) all make contributions to value added 
in civilian expenditures. 

Contributions of value added by major in- 
dustries in 1947 ranked about the same as in 
1958 (table 7). However, the percentage contri- 
butions were considerably different (table 9). In 
1947, the value added in the two agricultural 
industries accounted for 29 percent of civilian 
expenditures. By 1958, agriculture accounted for 
only 18 percent. During this period the farm 
value declined from 46 to 35 percent of civilian 
expenditures, ® The relatively greater decline 
in the value added percentage reflects in part 
the increase in inputs purchased by farmers 
from nonfarm sectors of the economy. It also 
reflects a slower increase in unit cost for agri- 
culture than for other sectors of the economy. 

The value added in the food processing in- 
dustry represented 18 percent of expenditures 
in 1958 the same as in 1947, However, value 
added in the trade industry increased from 28 





™The value added concept used here corresponds to 
gross national product originating, It includes labor 
compensation, net interest, capital consumption allow- 
ances, indirect business taxes, profits, and income of 
unincorporated businesses, Total value added conceptually 
should equal civilian expenditures shown in table l, 
Small differences occur because of the approximate com- 
putational procedure and rounding errors, 

8 Farm value is the payment to farmers for the farm 
products equivalent to the food products purchased by 
civilian consumers, It totaled $19.4 billion in 1947 and 
$21.4 billion in 1958, It is computed independently of the 
input-output data presented here, 








percent to 30 percent. Many other industries 
also increased in relative importance including 
construction repair (industry 12), paper prod- 
ucts (industries 24, 25, 26), glass products 
(industry 35), metal containers (industry 39), 
utilities (industry 68), and business services 
(industry 73). A few industries declined in im- 
portance (in addition to livestock and crops), 
but most of the changes were small. 

As a result of these data we see that total 
food expenditures depend not only on what happens 
on the farm or in the retail store. Though these 
sectors are important, changes in the metal 
containers industry or the coal mining industry 
also affect expenditures for food. These effects 
are not limited to price changes, but also in- 
clude the effects of substitution among inputs. 
For example if the price of one type of packaging 
rises too fast relative to the price of another 
type, then firms will substitute the cheaper input 
for the more expensive. Another example may 
reflect changes in consumer tastes, Consumers 
ate more meat and less crop products in 1958 
than they did in 1947, As a result the composi- 
tions of value added changed to reflect increases 
in meat-packing services, feed for livestock, 
fertilizer for growing feed, and many other 
inputs. At the same time relative decreases 
occurred in flour milling, food crop production, 
and packaging materials for these crop products. 


Total Requirements--Current 
Plus Capital Inputs 


The output, labor, and value added require- 
ments presented earlier represent only current 
production requirements, They include the inter- 
mediate goods and services which are used up 
in current production. Capital consumption and 
net additions to capital stock are not included. 
As a result these current output requirements 
understate total requirements which would in- 
clude the capital replacement in each industry. 
For the data presented earlier these capital 
replacements are included in the value added 
component. To estimate the current plus capital 
transactions, we need to deduct the value of 
capital replacement from the value added com- 
ponent and distribute it among the various in- 
dustries from which capital plant and equipment 
are purchased, Unfortunately, precise estimates 
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Table 6.--Value added requirements by industry for civilian expenditures for farm 
food, 1958% 




















Industry delivering to final demand 
Producing industry 
1 | 2 | 14 | 65 | 69 Total 
wn ee ce eee e eee ee eee-- Million dollars -------------------- 
Civilian expenditures from each industry..... |2,587 1,950 33,420 1,913 21,127 60,997 
1. Livestock and livestock ProductS.cccccoee {1,136 13 4,553 3 54 5,819 
2. Other agricultural productS.cccccccccccce 472 1,064 3,505 5 90 5,136 
4, Agricultural, forestry and fishery 
SETVICESc cccccceececeeeovssesoececcecoes 44 37 231 aie 20 332 
Te Coal MINING. ccccccccccccccccccccccccceces 3 2 68 3 25 101 
8 Crude petroleum and natural gas....c.cceeee 24 37 300 36 115 512 
12, Maintenance and repair construction. .cece. 46 39 472 62 261 880 
14, Food and kindred productsS.ccccscccccccees 117 10 10,758 2 91 10,980 
24, Paper and allied products, except 
CONCAINETScccccccoececceeescoccooccesece 8 6 330 5 122 471 
25. Paperboard containers and boxeS.ccoccccce 5 2 274 1 44 326 
26. Printing and Publishing. ecccoccccccccvccece 14 15 324 12 225 590 
27. Chemicals and selected chemical 
PLOGUCES. ccccccccccccccccccccccccscocece 30 56 350 “ij 54 497 
31. Petroleum refining and related industries 13 21 167 22 56 279 
36, Glass and glass productBeccccccccccecsece 4 1 245 1 23 274 
39. Metal containers. cccccccccccccccccccccccs 5 1 344 1 5 356 
44, Farm machinery and equipment.cecceccccsee a 1 28 -- 5 obs 
59. Motor vehicles and equipment..ccccccccces 4 2 44 6 37 93 
65. Transportation and warehousing...secccece 81 41 1,702 1,252 300 3,376 
66. Communications; except radio and 
TV broadcasting. ccccccccccccccccccccccce 17 14 275 20 265 591 
68, Electric, gas, water and sanitary 
BOTV1ICES ce ccccccccccccccccccevececccceeee 21 19 352 14 311 T17 
69. Wholesale and retail trade..ccccccccccece 154 98 2,177 69 15,779 18,277 
10, Finance and inBurance€ecccccccccccccecccecs 39 32 485 38 339 933 
Ti. Real estate and PONCEL co ccscccceseococoeces 111 147 1,090 68 1,020 2,436 
712, Hotels; personal and repair service, 
except BUIEO 6. 6 6:06 6600 6686000000 0808000008 3 3 15 2 81 164 
73. BusineSS SETViCeSsccccccccccccccccccccoce 37 47 843 25 595 1,547 
715. Automobile, repair and serviceS.cecccccece 9 5 172 26 109 321 
717. Medical, educational services, and non- 
profit organizations.......sse0. seeeeeee 14 3 99 2 24 142 
SUBCOEEL . cc ccccccccccoccccococccoccoccsose 19,415 1,782 29,2638 1,684 20,050 55,194 
Other industrieS.ccccccccccccccscescccces 177 165 4,342 231 1,043 5,958 
n,n en ae Tee 2,592 1,947 33,605 1,915 21,093 61,152 








4 Each entry represents the value added, directly and indirectly, by the industry named in 
the stub to the civilian purchases of farm foods from the industry named in column head. 
These totals should equal civilian experiditures in line 1; the small differences are 

caused by the approximate method of computation and rouding errors, 








Table 7.--Value added requirements by industry for civilian expenditures for farm 
food, 19472 








Producing industry 


Industry delivering to final demand 





1 2 | 14 | 65 | 69 | Total 





Civilian expenditures for fOOdecccccccccccecce 


31. 


66. 


69. 
10, 
71. 
12. 


13. 
15. 
11. 


Livestock and livestock productSececcocece 
Other agricultural productS.ccccccccccccs 
Agricultural, forestry and fishery 
SOTVICESccccccescceccveeceoceececceeesece 
Coal MINING. ccccccccccccscccccccscssccccee 
Crude petroleum and natural ZaS.cccccccce 
Maintenance and repair construction.ececee 
Food and kindred productS.cccccccccccsccce 
Paper and allied products, except 
GONCAINETS< 00 000 000000000000000060000608 
Paperboard containers and boxeSecccceccce 
Printing and publishingGececccccccccccccce 
Chemicals and selected chemical products. 
Petroleum refining and related 
industrieSccocccccccccccccccceceencecece 
Glass and glass PPOAUCTS ce cccccccccccccces 
Metal CONCAINETSecccccccccccccccccccvccce 
Farm machinery and equipmenteccocercccces 
Motor vehicles and equipment.ccccccccccee 
Transportation and warehousSingececccccccece 
Communications; except radio and 
TV DPOAdCASTING. ccccccccccccccsccccccccs 
Electric, gas, water and sanitary 
BOFPVICOBcccccceceveceesoecoceeoeeeescoce 
Wholesale and retail CVPAdCccccceaccvecocce 
Finance and inSuranc€cccccccccccscccvcccce 
Real estate and rentaleccccccccccccccceccs 
Hotels; personal and repair service, 
EXCEPT AUTO ccccccccccccvccccsscccscsecsccs 
Business SCLTVICEScccccccccccceccccccoocce 
Automobile repair and sServiceSecccccceccce 
Medical, educational service organization 


Subtotal sccocccecececoeseveveeccoeeeeesoeese 
Other indusStriecS.ccccccccccccscccccccccce 


eth aide eet es 














3,491 2,122 22,308 1,164 12,853 41,938 
1,254 11 3,183 3 35 4,552 
1,087 1,419 4,809 6 18 1,399 
52 41 191 -- 3 287 

10 5 104 22 41 182 

31 25 181 23 11 331 

58 34 264 36 104 496 
151 12 1,057 5 57 1,282 
11 5 210 4 100 330 

3 1 18 1 26 109 

11 5 153 1 156 333 

29 29 199 4 24 285 

15 12 87 11 34 159 

4 1 91 1 10 107 

3 1 , 5 95 

3 2 10 = 1 16 

1 5 42 5 38 97 

143 54 1,021 816 306 2,340 

6 3 65 5 96 175 

15 6 134 1 102 264 
199 85 1,058 42 9,963 11,347 
40 23 223 16 171 473 
154 =: 150 117 17 443 1,481 

9 1 61 2 712 151 

17 9 249 1 288 570 

19 14 131 11 110 285 

10 2 48 1 18 19 
3,341 2,028 20,452 1,052 12,352 39,225 
124 85 1,097 26 449 1,841 
3,465 2,113 21,549 1,138 12,801 41,066 








@ Each entry represents the value added, directly and indirectly, by the industry named in 
stub to the civilian purchases of farm foods from the industry named in the column head, 
These totals should equal civilian expenditures in line 1; the small differences are 


the 


caused by the approximate method of computation and rounding errors, 
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Table 8.--Change in value added requirements by industry for civilian expenditures for 
farm food products, 1947-58 





Producing industry 


Industry delivering to final demand 























1 2 | 14 | 65 | 69 Total 
---- ---- Million dollars ----------------------------- 
Civilian expenditures from each industry..eee. -904 -172 11,112 149 8,274 19,059 
1, Livestock and livestock productS..esesceces | 7118 -4 1,370 0 19 1,267 
2. Other agricultural productS..cccccscecceee | “615 -355 -1,304 -1 12 -2,263 
4. Agricultural, forestry and Fishery 
SETVICES ce ccccccccccccccccseccvcscccesces -8 -4 40 -- 17 45 
7. Coal MindnBecccocccccccccccccccecccccoccces -7 -3 -36 -19 -16 -81 
8. Crude petroleum and natural ZaSececccccce -7 12 119 13 44 181 
12. Maintenance and repair construction.ceece -12 5 208 26 157 384 
14, Food and kindred productS.ccccccccccceses -34 -2 3,701 -1 34 3,698 
24, Paper and allied products, except 
CONCALNEPBcccccccececcccccscccccccecccece -3 1 120 1 22 141 
25. Paperboard containers and bOXES.s.ccccccee 2 1 196 0 18 217 
26, Printing and publishing. ccscccccccccccceee 3 9 171 5 69 257 
27. Chemicals and selected chemical products. 1 27 151 3 30 212 
31. Petroleum refining and related 
ANdUSEVLeS.cccccccccccccccccvccscocovece -2 9 80 11 22 120 
35. Glass and glass productS.ccccccccccccccecs 0 0 154 0 13 167 
39, Metal CONCFAINETScccccccccccccsesccscecceces 2 0 258 1 0 261 
44, Farm machinery and equipment..ccccccccces 1 5 18 -- 3 28 
59. Motor vehicles and equipment..ccccccccces -3 -3 2 1 -1 -4 
65. Transportation and warehousingecccccceces -62 -13 681 436 -6 1,036 
66, Communications; except radio and 
TV DrOadcastingecccccvcccccccsecsecsseces 11 11 210 15 169 416 
68, Electric, gas, water and sanitary 
SETVICEScccccccccecccccccecceececceccces 6 13 218 7 209 453 
69, Wholesale and retail CVPAdC cccccccccccceces -45 13 1,119 27 5,816 6,930 
10. Finance and inSurance€cccccccccccccccccces -1 9 262 2 168 460 
11. Real estate and rentaleccccccccccccccccce -43 -3 373 51 577 955 
712, Hotels; personal and repair service, 
except BUCS 6666660065664 00660660000006086 -6 -4 14 0 9 13 
13. BusinesSsS SeErviceSecccccccccccccccccccccces 20 38 594 18 307 977 
15. Automobile repair and ServiceSsccccccccee -10 -9 41 15 -1 36 
11. Medical, educational services, and non- 

BROLTE GPOMMISSCIONS . 0.0 cccccccosecceess 4 1 51 1 6 63 
Subtotal ecccccccccccccccccccccscccccccece -926 -246 8,811 632 1,698 15,969 
Other industriesS.ccccccccccccccceccececes 53 80 3,245 145 594 4,117 

TObAl cccccccccceccencccececcccccecesees -873 -166 12,056 177 8,292 20 ,086 
























































food products, 1947 and 1958 





Table 9.--Distribution of value added among industries, civilian expenditures for farm 





Producing industry 


1957 


1958 








Current 
inputs 








stub for 5 final demand categories; 
for farm foods from industries 1, 2, 14, 65, and 69, 


as purchases of current expense items. 





e Livestock and livestock products. .cccccccccccccccccccccceces 
e Other agriculutral productS..cccccccccccccccccccccccsccccsece 
- Agricultural, forestry and fishery ServiceS....cccccccccccece 
oe COAL MININT. .cccccccccesrccseecccecesevcccccccccsoeccceceocs 
« Crude petroleum and natural GaBSeccvcccccccceccccecceccoceceos 


11. New CONBETUCEION. cccccccccocccccccccccccccccoccecceoeceescee 
12. Maintenance and repair CONSUPUCtion. cccccccccccccccccccosocs 
14, Food. and. WIndred DroducGes «.codidc<.¢006:0:0:0000:09000006000000008 
24. Paper and allied products, except containerS...ccccccccccses 
ZO_ FARSPVOETA GCONCRITOTS BE DORSH. 0 c.0.0:0:6060:0006060000800000008 
eg PUASICEIS CEN PU TRI io 6 0:00 60100605 400650405060804 00000004 
27. Chemicals and selected chemical productsS....c.cccccccccccvcces 
31. Petroleum refining and related industrieS....ccccccccesccses 
35. Glass. and glasS Products ecccccccccccccccccscccccvcvcccecece 
37. Primary iron and steel manufacturing. ..ccccccccccccccccccces 
SUe MECRL CONFAINETS. ccccccverescrccccerveecovcoccsecsvsecesovess 
44, Farm machinery and equipment. .ccccccccccccccccccvcecescccocs 
59. Motor VeWIcles and SGulLPMenl.. ccccocccccvcccccsovcecoseosecs 
OG, THGURICECACION GH WEPOROUBITIE. 6. <.660:0:6:005100:06000 0640464600000 
66. Communications; except radio and TV broadcaSting...ccccseces 
68. Electric, gas, water and sanitary services....ccccccccccccces 
ee ee er ee 
TO, PAMGRGS GI ANPUPRNOGs «.4:0.0:60.0:6:0'0.0:0.:0:06460:0 60 40400004060060008 


2 Real estate and DONCOL <.06.6:40'4:04.0.060:0000050105464000040040006% 


72. Hotels; personal and repair service, EXC. AUTOcccccccesccces 
TSs BUBIMOES SSTVICES . ocov.cc00 50006 000000000 006000000050 00000008 
16. AUSCMODI LS FEPRLY GHA BETVLCOR 6c oic.o066:6'60604.00:0006000000600% 
77. Medical, educational services, and nonprofit organizations.. 


DUD COCES o 6 66:0 06 0.65666. 0.0.00 00600 050 640000050409 60004000008000 


Other INdUSEPICS. ccoccccccecccccccececccccccccccccocecoecococs 


POGGL oo 6 0:66:16 050000000100 50.0:00 000660 000605406000909006605608'% 
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4 The distributions relate to the total of the values added by the industry named in the 


these categories are represented by civilian expenditures 


Reflects value added associated with current transactions; purchases of capital equipment 


and buildings are not included, 


© Includes value added associated with all transactions, purchases of capital items as well 








of these value added components are not avail- 
able. 

To obtain an approximation of these cur- 
rent plus capital transactions in 1958, we first 
obtained a matrix of total capital transactions 
in 1958.” This matrix was derived by ap- 
plying percentage distributions (obtained from 
BLS) to the gross capital formation component 
of final demand published in the OBE table 
(4).2° The capital transactions matrix was 
added to the original 1958 transactions matrix. 
A new direct coefficient matrix (A*) was com- 
puted, From this new matrix we computed a 
new inverse (I-A*)~', a new labor coefficient 
matrix, and a new value added coefficient ma- 
trix. 

Total requirements of output, labor, and value 
added were computed for 1958 by multiplying the 
new coefficient matrix by the matrix of civilian 
expenditures (table 10). 

Total labor requirements for civilian expendi- 
tures for farm food were 11,040,000 in 1958, 
about 10 percent more than required on a cur- 
rent basis.‘+ The trade and construction in- 
dustries were the major contributors to the 
increase. Most other industries added a few 
thousand employees, though many of these rep- 
resented substantial percentage increases. 
These industries included farm machinery, 
motor vehicles, primary iron and steel, and 
transportation and warehousing. The increased 
trade andtransportation requirements represent 
the distribution services associated with the 
capital goods. 

Total value added requirements also were 
greater than current value added requirements. 
Ideally the value added aggregate for current 
plus replacement transactions should equal the 
value added aggregate for current transactions. 





1 3 Capital transactions were not available for 1947, 
These capital transactions probably overstate the 
actual capital replacement expenditures because most 
industries make net additions to capital stock, This de- 
ficiency may be less important in 1958 than in other 
years, because it was a recession year, A few sources 
of data indicate that total capital outlays in the economy 
were about normal in 1958, For example, straight line 
trends of gross private domestic nonresidential invest- 
ment 1947-61 nearly intersect the actual total for 1958 
(18); this seems to hold for both producer durables and 
structures, 
11 These new labor requirements, direct and indirect, 
consist of the current requirements presented earlier 
plus labor required in the capital producing industries, 
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The greater value added in the total reflects 
two adjustments which should have been made, 
but were not because of the lack of data. First, 
capital transactions should have been limited 
to replacement capital, omitting net additions 
to stock, Second the value added for each capital 
consuming industry should have been reduced 
by the amount of the capital consumption allow- 
ance component to offset the increase in value 
added in capital producing industries. This was 
not done, so the value added includes capital 
consumption in the consuming industry and sales 
of capital goods in the producing industry. 

Although the aggregate value added should be 
the same in both cases, the distribution of value 
added among various industries was different. 
For the current requirements presented earlier, 
the value added by capital consumption was 
allocated to the industry which used the capital. 
For total requirements (current plus capital 
replacement transactions), the capital consump- 
tion was allocated tothe industry which produces 
the capital. For example the tractors used upin 
food production would be included in value added 
by the livestock and crops industries in the 
current requirements table, But in the table of 
current plus capital requirements, these 
tractors are included (conceptually) in the value 
added by the farm machinery industry and its 
supplying industries. 

Values added in the agriculture and food 
processing industries were about the same both 
for current transactions andcurrent plus capital 
transactions because agriculture produces 
almost no capital items. Significantly larger 
values added were required in the construction, 
farm machinery, iron and steel, and motor ve- 
hicles industries. All of these were producers 
of durable capital goods. In addition, substantially 
more value added was required in transporta- 
tion, trade, real estate, and business service 
industries in order to move the capital goods 
from producing to consuming industries. 


Output Per Person in the 
Food Subsystem 


Labor productivity is one indicator of market 
performance for an industry. Several studies 
have analyzed output per person and output per 
man-hour in farming, food manufacturing, and 
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Table 10.--Requirements for production of output represented by civilian expenditures for 
farm foods: Gross output, persons engaged, and value added, 19582 





Output Persons engaged Value added 





Producing industry : 
Current| Total | Current| Total |Current; Total 


expense | expense} expense | expense| expense | expense 




















Million dollars Thousands Million dollars 


1, Livestock and livestock products....... | 16,972 17,017 1,892 1,897 5,819 5,834 
2. Other agricultural products.....secccces 10,163 10,240 1,264 1,274 5,186 5,174 
4, Agricultural, forestry and fishery 


SOPVICEB sc cccccccccscscccccsceeseesoes 144 152 100 101 332 336 

FT. CoGl MINING. cccccccccceccccvccceecesoce 174 230 14 19 101 134 

| 8. Crude petroleum and natural gaS...eceee 832 948 27 31 512 583 
11, New CONSErUCction, ecccccrccccccccccccccs 0 3,582 0 155 0 1 fyi 

12. Maintenance and repair construction.... 1,438 1,552 107 116 880 950 


14, Food and kindred productS.ccccccccccces 43,023 43,110 1,199 1,201 10,980 11,002 
24, Paper and allied products, except 


COMGRINIETS 0.060.606 060 0'096000000000660668 1,355 1,522 52 58 471 529 
25. Paperboard containers and bOxeS..cceeee 872 928 39 42 326 347 
26, Printing and publishing, .cccccccccereos 1,251 1,412 94 106 590 667 
27. Chemicals and selected chemical 

DIOAUGUS « 6:4:0 0.0:6.0:410:0:4:0:0:0'9:0:50:6:410 00000008 1,286 1,466 43 49 497 566 
31. Petroleum refining and related 

ANGUSTETVLES. ccccccccccccccccescsecevece 1,392 1,585 17 20 279 318 
35. Glass and glas8S ProductS.cccccccccccece 494 539 32 35 274 299 
37, Primary iron and steel mfg..cesccccecee 1,001 2,090 44 91 396 826 
$9. Metal containers. ccccccccrsccvccvccscese 1,060 1,074 35 36 356 361 
44, Farm machinery and equipment.....e.sseee 122 872 6 39 44 312 
59. Motor vehicles and equipment....cccrcee 320 1,602 8 41 93 465 
65. Transportation and warehousing....ecees 5,592 6,197 445 491 3,376 3,742 
66. Communications; except radio and 

TV broadcasting. ecccccccccccccceccsccce 694 813 58 68 591 692 
68. Electric, gas, water and sanitary 

BOTVICES 6 66.400 00 5000600600000000000008 1,467 1,667 45 51 117 814 
69. Wholesale and retail trade...cccccscces 25,228 26,779 3,599 3,821 18,277 19,400 
70. Finance and insurance. .cccccccccccceses 1,665 1,867 134 151 933 1,046 
11. Real estate and rental. .cccccccccccccce 3,366 3,705 37 40 2,436 2,681 
12. Hotels; personal and repair service, 

CKCe BUCO. 00006000 646:04640600 0066000010 269 310 55 64 164 189 
713. BusineSS SErviceScccoccccccccccscccssece 3,373 3,839 203 231 1,547 1,761 
15. Automobile repair and servicesS..ccccece 667 132 34 37 321 352 

5 11. Medical, educational services, and non- 
| profit organizations......sseseeseeees 209 228 32 35 142 155 





BUUBNEED occ cccccccccocccocccosccccscoose [195,088 1648 8400 10,300 55,590 60,806 
Other industrieS.sccccccccssscccsccsccce 10,235 16,988 386 740 5,562 5,256 





Total. .weceeee ccccccccoccococecoccoocs [185,986 153,666 9,990 11,060 61,1623 66,063 


a N : 











@ Each entry represents the accumulated contribution directly and indirectly by the industry 
named in the stub for 5 categories of consumer purchases, These categories are represented by 
the sales of farm food products to civilian consumers by industries 1, 2, 14, 65, 69. 
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Table 11.--Indexes of output, persons engaged, and output per person, food subsystem, 























1947-58 
Indexes (1947 =100) 
a Annual increase 
1947 1958 silts 
-- ---- -Percent ----------------------------- 

Current value of expenditures?...ccsscccccscecces 100 145.4 -- 
I dacisddhintibanededidieneéerens 100 123.0 -- 
Number of persons engaged in the subsysten, 
re 100 89.0 -- 
Output Pek PETSOMN. cccccccevceccscceccccccseceeces 100 138.2 oo 
Annual increase in output per person: 

FOOd SUDSYSCEM .ccccccccccecccceceeccccoccecess -- -- 3.3 

Se I id cuniscssnaeese tereonsesneesees -- -- 2.6 

Food distribution .ccccaccccccccccccccsccccccce -- -- Lod 

ee IE ino 6 vdceecededewcesiesesees -- -- 2.4 

Farmi NE Oe OT ee eT ee eee ee -- -- 6.0 

PRIVACS ECONOMY ccc ocr cccredecsersevesesesocses -- -- 3,0 








@ Civilian expenditures for farm food products, see Agr. Econ, Rpt. 105 (8) for definition 
of the data. 

Civilian expenditures deflated by a specially constructed retail price index for farm 
foods. The index reflects increases in prices of meals eaten away from home during 1953-58; 
for 1947-52, meal prices are assumed to increase at the same rate as prices for food at home, 

© The number of persons employed in all industries which are directly and indirectly 
involved in the production of food and associated services (see tables 4 and 5). It includes 
direct employment in farming, food processing, food distribution, plus the persons required 
indirectly in industries such as containers, paper, and fertilizer manufacturers, advertising, 
real estate, and trade services which support the direct industries. It excludes persons 
required in capital goods industries such as construction and farm machinery manufacturers. 

The food subsystem is the same as the definition of industries contributing to civilian 
expenditures for food, 

© Includes only the net output and persons engaged directly in marketing food. Assemblers, 
processors, and distributors of farm food products are included. Transportation and other 
supporting industries are excluded. Net output here includes the value of nonfood inputs, 

f Includes net output and persons engaged directly in wholesale food trade, retail food 
trade, and eating places. See (22) and (9). 
& Includes net output of persons engaged directly in food processing (11). 
h From BLS data on net output per person (15). 











food distribution (12, 21, 22, 9). Statistics on 
output per man-hour for selected manufacturing 
and nonmanufacturing industries are available 
from the Bureau of Labor Statistics (16), All of 
these data relate to specific industries and are 
only partial measures of industry productivity. 
Thus it is difficult to relate the changes in labor 
productivity to changes in prices. A more com- 
plete picture is obtained if we determine changes 
in labor productivity for a whole subsystem,* 2 
If we compare the total output of food and serv- 
ices with the total labor input in the whole sys- 
tem we can judge the relative improvement in 
efficiency of the food production and distribution 
system including the proportionate influence of 
productivity changes in the supporting industries. 

Between 1947 and 1958 the real value of total 
civilian expenditures for farm foods and related 
services increased 23 percent (table 11). The 
total number of persons required for the pro- 
duction of food decreased 11 percent. Thus output 
per person in the food subsystem increased 38 
percent or 3,3 percent per year. 

The average annual increase in output per 
person in the food subsystem was higher than 
the estimates of productivity increases in food 
marketing and the whole economy. The agri- 
cultural sectors contributed substantially to this 
higher rate of increase. 

Not all of this increase can be attributed to 
improved technology, because the labor em- 
bodied in the capital used up is not included. If 
we included all persons, those required in capital 
producing industries as well as in current input 
industries, then the increase in output per per- 
son probably would be less than for current 
purchases only. The reason for the slower in- 
crease is the increase in capital investment per 
employee in many industries. This factor is 
especially important for the food subsystem 
because agricultural industries were among the 
outstanding examples of increases in capital 
per employee during 1947-58. 





12. Gossling has developed the subsystem idea in esti- 
mating productivity for the agriculture subsystem in se- 
lected years, 1919-54 (10), See also article by William 
Gossling and Folke Dovring (Jour, Farm Econ,, May 1966), 








Since the productivity in the food subsystem 
increased faster than the productivity in the total 
private economy (3.3 percent vs. 3.0 percent), 
we should expect prices reflected in civilian 
expenditures for farm food to increase less than 
all consumer prices. The data support this con- 
clusion. Prices of civilian food products in- 
creased 18 percent (about 1.5 percent per year) 
between 1947 and 1958, Meanwhile the implicit 
price deflator of all personal consumption ex- 
penditures increased 28 percent (2.3 percent 
per year), Though the magnitudes do not match 
precisely and we are using single-year com- 
parisons, the direction of change is correct. 
Thus we can conclude tentatively that changes 
in food prices generally reflected improvements 
in productivity during 1947-58. 
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Appendix 


By use of diagonalized vectors (diagonal 
matrices), developed in Gossling (8) for the 
subsystem approach, the procedure outlined on 
pages 113-4 (and by Waldorf (20)) can be pre- 
sented in matrix form as follows: 


Direct requirements coefficients 


fo a”. A 
Direct plus indirect coefficients 
Le ee ee (I-A)7! 


Direct labor per dollar of gross 
output coefficients (82 x 82 
diagonal matrix)........... L 

Direct plus indirect labor coeffi- 
cients, per dollar of delivery to 


final demand (82 x 82)....... Ld-A)7? 
Direct value added coefficients ‘ 

(G2 = G2 Glagemal)... 2. ccess V 
Direct plus indirect value added co- - 

efficients (82 x 82)......... V(I-A)~™ 


Civilian expenditures for food prod- 
ucts (82 x 82 diagonal, 5 positive 
elements, other elements are 
ee ee er ee ee F 

Total output requirements (82 x 82), 
but with positive elements in 
colufmns corresponding to posi- 
tive elements in F, zeros in 


| (I-A) * f 
Total labor requirements (82 x 82, ‘i A 

5 positive columns)......... L(I-A) 1 F 
Total value added requirements ‘ a 

(82 x 82, 5 positive columns) .. V(I-A)'F 


These represent the current requirements, 
excluding capital inputs; estimates were made 
for 1947 and 1958. A similar set of data including 
capital inputs was computed for 1958; replace 
A by A* in each formulation to estimate current 


plus capital requirements, For a discussion of 
the theoretical framework of input-output pro- 
cedures and some applications of input-output 
analysis see Dorfman, Samuelson, and Solow (6) 
and Chenery and Clark (5), Frederick Nelson of 
ERS has disaggregated the 1958 matrix into a 
109 x 109 matrix; it contains 17 agricultural 
sectors, 9 food manufacturing sectors, 3 primary 


nonferrous mietals manufacturing sectors, and 
3 utility sectors in addition to other industries. 
The original 82 x 82 matrix contained two agri- 
cultural sectors and one each of food, nonferrous 
metals, and utilities, The 1947 data have not been 
reaggregated to a 109 x 109 matrix, though the 
data exist for reaggregation conformable to the 
109 x 109 in 1958, 
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Effect of Size of the Input-Output Model on the 
Results of an Impact Analysis 


By Gerald A. Doeksen and Charles H. Little 


HE INPUT-OUTPUT technique has become a 
j eorns tool of regional analysis. Models 
have been developed for States, counties, and 
cities.1 There is a wide range in the size of 
these models, and the trend is towardconstruc- 
tion of larger and larger models. As the size of 
these models increases, data requirements in- 
crease more than porportionately. Data require- 
ments have often been the prime restriction 
against implementation of the input-output model, 
As researchers continue to increase the size of 
the model, data demands will increase, 
restricting the use of the model even more, This 
is especially true in regional analyses, as fewer 
regionai than national data are available, The im- 
mediate question is; Is itnecessary in a regional 
analysis to have a large input-output model if 
interest is centered on only one or twosectors? 


The Problem 


When we want to assess impacts of policy 
decisions on economic variables (impact analy- 
sis) in a multicounty region, multipliers asso- 
ciated with input-output analysis are useful. If 
data are available, the larger model will yield 
more information and thus be more useful, ff 
information is desired about the intricate struc- 
ture of the economy, a large model is essential. 
However, when data and research funds 
are limited, a small aggregated model will yield 
multipliers for a specific sector which 
are similar or nearly identical to those obtained 
from a large disaggregated model. For studies 
where the main concern is analyzing a few 
sectors (for example, three), this would mean 





’ P, J, Bourque and G, Hansen, An Inventory of Regional 
Input-Output Studies in the United States, Graduate Sch, 
Bus, Admin,, Seattle, Wash,, Aug, 1967, 
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that a model with these three sectors plus all 
the other sectors of the economy aggregated 
according to some broad classification would 
yield impact multipliers identical with those of 
a large disaggregated model. 

This study shows that the size of the model 
has little or no effect on the size of a sector 
multiplier. A comparison is made of the impact 
created by changes in final demand for a sector 
as the other sectors are aggregated, Many re- 
searchers feel that impact analysis is the most 
widely used purpose of input-output analysis, * 
Thus, if a small model yields impact estimates 
similar to those of a large model, data limita- 
tions are less of a problem, and the input-output 
technique is more useful for studies of regional 
economic growth and development. 


Theoretical and Empirical 
Analyses of the Problem 

The hypothesis is that the multiplier for a 
specific sector will be approximately the same 
regardless of how many total sectors are in the 
model, Assume that three sectors are to be in- 
vestigated and that each model will be aggregated 
down to a four-sector model. The hypothesis 
can be stated as follows: 

Let X44 be the multiplier of sector i for the 
matrix of size j where i = 1, 2, 3, andj = 4, 
5, .. J. Then the hypothesis is; 

X 


op es * oo + F Rgs 
X24 =X25=. =X2j 
X3q =X35=... =X3I 


The ith subscript denotes the sectors that are 
not aggregated. 





° jJ.R. Barnard, Design and Use of Social Accounting 
Systems in State Development Planning, Univ, lowa Press, 
lowa City, 1967, p, 13-19, 











Four empirical models were analyzed, Two of 
these were hypothetical, 25-sector models se- 
lected using the Monte Carlo technique (random 
numbers). The other two models were actual 
models, one being a 27-sector model of the 
State of Washington and the other a 29-sector 
model of Oregon. The hypothetical models were 
constructed to represent an actual situation. 
One-fourth of the endogenous entries were 
randomly assigned values of zero, The remain- 
ing entries were randomly selected and allowed 
to vary between 0 and 100 for one flow table and 
between O and 150 for the other flow 
table. Entries in the exogenous row ranged be- 
tween 30 and 70 percent, 

After the models were selected, three sectors 
in each model were randomly chosen to remain 
unaggregated, The remaining sectors were then 
aggregated in each model in a random fashion. 
This was accomplished by adding together two 
sectors each time until the model was aggre- 
gated down to a four-sector model. Each four- 
sector model then included the three sectors 
chosen to remain unchanged and the one sector 
representing all of the remaining sectors. The 
direct and interdependent coefficients were 
then computed for each matrix size of each 
model, For example, for the 25-sector model, 
there were 22 different matrices of interde- 
pendent coefficients. From these the output 
multipliers were obtained, Also, income multi- 
pliers were computed for the two random models. 
This was accomplished by selecting at random 
a percentage between 50 and 90, which was the 
amount of final demand attributed to household 
income, The output and income multipliers were 
then used to determine the effect of the size of 
the matrix on the magnitude of the multiplier of 
the nonaggregated sectors. 


Empirical Results 


The multipliers for the three sectors of each 
model before aggregation and after aggregation of 
the sectors down to a four-sector model, and the 
difference between these two multipliers (col. 1 
minus col, 2), are presented in columns lI, 2, 
and 3 of table 1. Several conclusions are evident 
from the figures in these columns, First, the 
initial size of the multiplier determines to a 





large extent the amount of change in that multi- 
plier as the other sectors are aggregated. The 
smaller multipliers (for example, those of the 
Washington model) changed only in the third 
decimal place, this change being a slight in- 
crease as the size of the model decreased, 
Second, the larger multipliers had a slight 
tendency to decrease as the size of the model 
decreased, Third, the income multipliers in 
general seemed to increase slightly as the model 
size decreased. The figures indicate that all 
changes were small, thus supporting the hypothe- 
sis that multiplier size is affected very little by 
the size of the model. 

To give additional support to the hypothesis 
and to show the variation in a multiplier as a 
model is aggregated, the multipliers of 
five random sectors were plotted against the 
size of the model, This relationship for each of 
the five sectors is presented in figure 1. The 
multipliers of the three random sectors of the 
Oregon model and of two random sectors of the 
Washington model were the ones which were 
plotted. Because the multipliers of random 
sector 1 and random sector 2 of the Washington 
model were very similar, only the multipliers 
of sector 2 were plotted. Examining the rela- 
tionships in this figure supports the first two 
conclusions stated when analyzing columns 1, 2, 
and 3 of table 1. This, in turn, adds support to 
the hypothesis. 

The regression coefficients presented in 
column 4 measure the slope of the line resulting 
from regressing the size of the model against 
the size of the multiplier. The coefficients are 
all approximately zero, indicating no relation 
between the two variables, 

The variances of the multiplier for each sector 
as the model was aggregated from the original 
size to a four-sector model are presented in 
column 5. These figures indicate a very small 
amount of variation. The coefficient of variation 
was also computed and is presented in column 6. 
The coefficient is a measure of relative varia- 
tion where the standard deviation is expressed 
as a percentage of the arithmetic mean. These 
coefficients indicate a small variation in each 
multiplier, and this again supports the hypothesis 
that size of the model has little or no effect on 
the size of the multiplier. 


Table 1.--Selected statistics for the four models 


























Multiplier 
Multiplier | of sector Coefficient 
Model, type of of sector | (model ag-|Differ-|Regression | variance of 
multiplier, and (model un- gregated ence coefficient (1073) variation 
sector aggregated| down to (percent) 
4x4) 
(1) ( 2) (3) (4) (5) (6) 
Washington 27-sector 
model: 
Output multiplier: 
Random sector 1l...ee. 1.1383 1.1398 -.0015 -.00005 016 ~3909 
Randum sector 2.....0- 1.1263 1.1301 -,0038 +,.00002 002 .1242 
Random sector 3..ee.6- 1.1930 1,1931 -,0001 +,00019 005 1847 
Oregon 29-sector model: 
Output multipliers: 
Random sector l.... 2.5426 2.4230 1196 .00219 1,872 1, 2929 
Random sector 2.... yw Uh a 2.0754 0967 00320 714 1, 2403 
Random sector 3.,.. 1.6427 1.6309 0118 -00009 043 4028 
Random model I: 
Output multipliers: 
Random sector 1.... 2.5237 2.4355 0882 -00385 ~659 1.3129 
Random sector 2.... 1.8627 1,8247 - 0380 -00185 Pe ly we 7080 
Random sector 3.... 2.4984 2.4255 .0729 .00345 576 ©9775 
Income multipliers: 
Random sector 1.... 4.3385 4.5054 -. 1669 -,.00082 7.706 2.0001 
Random sector 2.... 1.8411 1.8656 -,0245 -,00111 162 - 9468 
Random sector 3.... 1.9298 1.9248 -,0050 -.00071 048 - 3066 
Random model II: 
Output multipliers: 
Random sector 1.... 1.6764 1.5597 1167 - 00606 1.531 2.4118 
Random sector 2.... 1.8426 1.7376 1050 00477 1.369 2.0789 
Random sector 3.... 2.7533 2.4904 - 2629 -01019 4.414 2.5491 
Income multipliers: 
Random sector 1.... 1.3898 1.3808 0090 -,00044 063 9674 
Random sector 2..., 1.8184 1.8328 -.0144 -,00133 . 230 8363 
Random sector 3.... 3,4429 3.4772 -,0343 -,00683 3.037 1.5902 
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Figure 1,--Relationship between multiplier and size of model for five random sectors, 


Implications and Conclusions 


The empirical results strongly support the 
hypothesis of no relation between the model size 
and the multiplier size. The implications are 
many. First, the conclusion implies that if data 
are limited, it is possible to construct a small 
model which will yield impact estimates similar 
to a large model, Thus, if itis desired to meas- 
ure the effect that a new plant will have on the 
economy of county, city, or State, all that is 
necessary is a small model with a sector repre- 
senting the new plant and the remaining sectors 
of the economy could be highly aggregated, From 
this small model, it would be possible to de- 
termine the impact that the new plant would have 
on output, employment and income. 

A slight modification of the implication will 
further indicate the usefulness of the above con- 





clusion. A small model could be constructedfor 
whatever size unit (State, county, or city) is 
being investigated. This small model could then 
be modified for each firm being considered, The 
modification would simply entail adding a row 
and column representing the firm under con- 
sideration. After doing this for each firm being 
investigated, it could be determined which firm 
would have the greatest impact if established 
in that particular region. 

Second, the conclusion indicates that the input- 
output technique can now easily be used by an 
industry to analyze the feasibility of building a 
new plant in a particular region. For example, 
an industry desiring to locate in a particular 
region could construct a small input-output 
model, with its own activities listed in a sector 
while the remaining sectors could be highly 
aggregated, From this small model, the industry 


137 


could determine if enough employees are avail- 
able for its direct demands and all secondary 
demands created by the new plant. Also from 
this model, the industry could determine whether 
enough services are available, If the model in- 
dicates some deficiencies, a further investiga- 
tion may determine exactly where the deficien- 
cies lie. 

Another place where these results are useful 
is for those presently planning State, county, or 
city input-output studies. The researchers could 
save time and money by taking a look at the 


economy, determining the major sectors for an 
area economy, and then constructing a small 
model consisting of these major sectors and 
aggregating the remaining sectors according to 
a broad industrial classification. 

There are many other places where the small 
model can be employed, The conclusion that size 
of the model has very little or no effect on im- 
pact input-output analysis greatly enhances the 
use of the input-output technique in regional 
analysis. Certainly additional research is war- 
ranted to further substantiate the conclusion. 
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Asian Drama; An Inquiry Into the Poverty 
of Nations 


By Gunnar Myrdal, Pantheon, New York, Paper, 3vols. 
2,284 pages, 1968, $8,50, 


a MYRDAL, the famous Swedish 
statesman, economist, and author of An 
American Dilemma, with the collaboration of 
six principal assistants, needed 10 years 
to produce this book. The "Asia" referred to is 
South Asia; that is, Pakistan, India, Ceylon, 
Burma, Malaysia, Thailand, Indonesia, and the 
Philippines, with some discussion of South Viet- 
nam, Cambodia, and Laos. However, the bookis 
mainly about India, with comparisons with the 
other countries. 

The book is probably the most highly publi- 
cized serious economic work of recent years. 
It has certainly been more widely reviewed, in 
more popular nonspecialized publications than 
any comparable work on development economics. 
It has generally been well received. A number 
of reviewers have praised it extravagantly, say- 
ing that the author "has launched a massive 
attack on the economic shibboleths," has pro- 
vided a "tour de force,"' has produced one of 
the "massive peaks of interpretive political 
economy (which) tower over the arid flat plain 
inhabited by the conventional modern econo- 
mist,"" has provided a "gloomy dissent," has 
written a book "capable of changing history," 
and so forth. The Twentieth Century Fund, which 
financed it, refers to it as an "epic work." 

These are exaggerations of the study's im- 
portance and contribution to the literature on 
development, It did not involve any new primary 
research, There is much useful descriptive 
background material and some original statis- 
tical estimates, but the main concern of the 
author "was methodological--how to cleanse 
concepts and discard theories and then state 
problems in a logical and realistic way."' He 
tries hard to say brave and controversial things, 





but the controversies which he wants to stir are 
generally commonplace or he doesn't really 
have a coherent alternative approach to offer. 
He makes strenuous pleas fora more "realistic" 
analysis and consideration of ''noneconomic fac- 
tors.'' But who is against that? 

Myrdal concedes that a new framework of 
theories can't be constructed until much more 
solidly based empirical work has been done. 
While he makes many broad generalizations 
about conditions in the region and about the 
mechanism of causal relations between them, 
he admits that his generalizations are tentative 
and can't be supported with solid facts, He in- 
sists, however, that he is demonstrating the 
inadequacy of inherited economic theory and 
that the effort is worthwhile. 

Myrdal says that his approach is "institu- 
tionalist.'' Strangely (for an institutionalist), he 
concedes that conventional economic analysis 
works very well for looking at Western countries 
today. However, he contends that such is not the 
case for South Asian conditions, particularly 
because economic development in the region 
calls for "induced changes" in the social and 
institutional structure. 

He is highly critical of the ''Gradualist" ap- 
proach to development. He characterizes as 
"soft states" those countries which are reluc- 
tant to place obligations on people. He says that 
rapid development will be exceedingly difficult 
to engender without an increase in social dis- 
cipline in all strata and even in villages. His 
concern for social discipline is apparently re- 
lated to his view that economic policies are 
easier to carry out, but often less important, 
than are social policies that challenge established 
interests, inhibitions, traditions, and beliefs. 

Myrdal is pessimistic about the prospects for 
development in South Asia. He says that in- 
tellectuals and planners in the region have been 
misled and confirmed in their natural tenden- 
cies to optimism by optimistic biases among the 


Western economists who have taught them. The 
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biases of Western economists are said to arise 
from their tendencies to use familiar theories 
and also from the world conflict, which in- 
fluences Westerners to be diplomatically kind 
and tolerant. 

Myrdal severely criticizes many elements of 
"modern" or ''Western" economic theory. For 
example, he says that the concepts and theory of 
unemployment and underemployment are un- 
realistic when applied to the underdeveloped 
countries. He says that the division of income 
into consumption and savings, while realistic 
in Western societies, is not useful for analysis 
of the underdeveloped countries, He is highly 
critical of the modern approach which he says 
"tends to interpret development as too simply a 
function of capital scarcity plus a low level of 
technology.'' He says that the new approach to 
investment in man offers no guidance to "'the real 
planning problem (which) is how to squeeze and 
twist consumption in such a way as to speed up 
development." 

Myrdal discusses most of the other important 
issues in development economies, He empha- 
sizes the importance of population growth, but 
criticizes analyses which have been made of its 
economic effects. He emphasizes the importance 
of agriculture, but contends that price policies 
have little potential for stimulating an increase 
in agricultural production as a whole. He con- 
tends that "the approaches to agricultural policy 
presently being followed, and the alternative 
courses most prominently discussed, are not 
likely to produce the type of transformation so 
urgently: needed."' He contends that the "'spon- 
taneous growth-inducing stimulus ofa relatively 
free and expanding international trade is 
no longer present."' He says that greater re- 
liance should be placed on multilateral rather 
than bilateral economic aid. 

The state of the art of development economics 
is such that these and most of the other issues 
discussed by Myrdal are indeed controversial, 
but they were widely discussed before the ap- 
pearance of this book. The contention of some of 
Myrdal's reviewers that he is bringing down an 
edifice of established doctrine is a great over- 
statement. There is plenty of room for honest 
and serious disagreements over theories and 











policies in economic development, but many of 
the methodological issues at which Myrdal tilts 
so valiantly look a lot like windmills to this 
reviewer, 


Joseph W, Willett 


Studies in Indian Agriculture: The Art of 
the Possible 


By Gilbert Etienne, University of California Press, 
Berkeley, 343 pages. 1968, $7.95, 


ROFESSOR ETIENNE is a long-time student 
Ps India and Indian agriculture. This book 
is.the product of a 2-year (1963-64) investigation 
of Indian agriculture, primarily at the village 
level. 

Because India is such a large and hetero- 
geneous society it is difficult to generalize 
about it with any reasonable degree of accuracy. 
The author rejected approaches to the study of 
Indian agriculture that would have involved either 
a superficial analysis of the whole subject, or 
an intensive study of only one area, Rather he 
"tried to reach a compromise, beginning with a 
study as comprehensive as possible of a village: 
where [he] stayed for five months (September, 
1963, to February, 1964) followed by another 
visit in August, 1964. Thus, [he] was able to 
analyse in depth the mechanisms that determine 
the economic evolution of one limited region. 
Having completed this task, [he] undertook three 
briefer investigations cf contrasting regions in 
order to underline their differences and simi- 
larities" (p. 5). 

The author selected the village of Khandoi in 
western Uttar Pradesh for intensive study. The 
three villages of Nahiyan in eastern Uttar 
Pradesh, Kila Ular in Madras, and Eksal in 
Maharashtra were studied in less detail. 

Professor Etienne's analysis deals mainly with 
the socioeconomic structure and political and 
administrative organization. Life at the village 
level is also related tothe larger administrative 
units of the block, district, and state. 

The author reaches the not too startling con- 
clusion that the village social, economic, and 
political structure has been changing for a long 
time and that some progress has been made to 








increase agricultural output and income. But, he 
is uncertain about future prospects for Indian 
agriculture. He states; 

"A close look at the facts leads us to less 
pessimistic, and also less definite, conclu- 
sion, ....Inoneplace, for example, old, estab- 
lished habits may tend to give way tonew ideas; 
elsewhere they remain entrenched, creating in- 
superable barriers. Important regions have be- 
come involved--some have been so for a long 
time--in a broad progress of economic growth, 
while others have remained dormant, seemingly 
unable to rouse themselves from their torpor." 

Thus, the reader can pay his price and take his 
choice as to where Indian agriculture is going. 

One final note. Professor Etienne did this study 
before the new agricultural development strategy 
that emphasizes incentive prices, fertilizers, 
improved seed, pesticides, and irrigation came 
into being in 1965. The reader does not know how 
this new strategy has affected the four villages 
covered in this study. 


Martin E, Abel 


The Teaching of Development Economics 


By Kurt Martin and John Knapp, Aldine Publishing Com- 
pany, Chicago, 238 pages, 1967, $7.95, 


tS STUDY OF ECONOMICS is becoming 
increasingly specialized. Applying the tech- 
niques of economics to help solve problems of 
foreign and domestic development is becoming 
a field of its own. This book, which comprises 
a number of viewpoints by noted economists 
about the problems of understanding and teaching 
economic development, is a product of a con- 
ference held in Manchester, England, during 
1964, The proceedings of the conference were 
divided into two sessions, The first session was 
concerned with the state of knowledge; the second 
was concerned with teaching the discipline. 

The discussion on the state of knowledge of 
development economics largely centered on the 
question of the adequacy and usefulness of our 
present-day economics in resolving development 
problems. H, Myint contended that current de- 
velopment theories are unable to explain the 








variation in the wealth of nations. E, E, Hagen 
tried to clarify the limitation by explaining that 
the failure of economic theory to account for 
variations in the wealth of nations lies in dif- 
ferences in the amounts of creative energy which 
feed into technological progress and involve to 
a great extent noneconomic factors. This position 
is tantamount to saying that conventional eco- 
nomics is all right, but largely useless for 
development purposes. Paul Steeten was more 
optimistic than the others in his belief that 
while current development economics is far 
from being adequate and relevant, the field has 
not reached a permanent impasse, Thomas 
Balogh illustrated a number of the types of mis- 
use of economic analysis. 

The discussion on teaching was based on three 
papers submitted to the conference. Myint rec- 
ognized a need to develop a new dynamic ap- 
proach to the underdeveloped countries although 
he strongly defends the orthodox static theory 
of allocation of scarce resources. P, Ady, how- 
ever, stated that even though there are uses to 
which one can suit certain parts of orthodox 
economic theory, the issues so much in dispute 
as to the workings of the allocative mechanism 
remain open, Dudly Seers talked about how it 
might be possible to incorporate important non- 
economic variables into development models. 
However, all the economists cautioned that this 
kind of extension of frontiers of the subject must 
not be made into an excuse, or a substitute for 
improving on the conceptual relevance of strictly 
economic models. 

The members of the conference generally 
concluded that there is a lack of uniformity of 
curriculum and that training in the discipline 
is largely in an experimental stage. 


Jack Ben-Rubin 


Policy Directions for U.S, Agriculture 


By Marion Clawson, The Johns Hopkins Press, Balti- 
more, 398 pages. 1968, $10, 


GRICULTURE IS broadly defined to include 
rural towns and institutions as well as 
farming. The first 15 of the 21 chapters are 
devoted to an examination of trends and de- 
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velopments in rural living conditions, the rural 
population, and farming operations. This sets 
the stage for a comparison of two agricultures 
in the year 2000. 

The first of these, the likely-change pattern, 
{s viewed as the agriculture that will probably 
emerge, assuming public programs and private 
activities continue in the future about as they 
have in the past. The econd agriculture, the no 
friction-no lag pattern, is a conceptualization 
depicting a rapidly adjusting agriculture, fully 
integrated into the rest of the economy. Con- 
trasting the two highlights the areas where past 
agricultural programs have been deficient or 
nonexistent, and serves as the basis for sug- 
gesting measures that will assist in moving 
away from the likely-change pattern and toward 
the no friction-no lag pattern. 

Under the likely-change pattern, even though 
rural living conditions probably will improve, 
agriculture will continue to lag behind the non- 
agricultural sector, Output will expand to fully 
meet demand, but farming will increasingly be 
a business of high fixed costs and continued low 
labor returns due mainly to rising land prices, 
Rural communities increasingly will be con- 
fronted with problems associated with outmigra- 
tion and adverse age distribution so that the dif- 
ficulties of developing effective social 
institutions in predominantly rural areas will 
be particularly severe. 

By definition, under the no friction-no lag 
pattern, returns to productive factors would be 
equal to returns in alternative nonagricultural 
uses. Compared to the likely-change pattern, 
rural settlement patterns would be changed 
greatly. Farming would be composed of fewer 
but larger units using less labor inputs and 
more working capital. But to obtain returns 
comparable to the nonagricultural sector, land 
prices will need to be no higher than present 
levels and perhaps much lower. 

Policy alternatives focus on measures which 
will reduce impediments to more rapid adjust- 
ment of agricultural resources, aid residents 
of rural small towns, restructure rural settle- 
ment patterns, and resist rising land prices, 

As a means of dramatizing the longer run 
consequences of present, well established trends 
in farming and rural communities, the portraying 
of the two agricultures in the year 2000 is no 


142 





doubt effective. However, some readers may 
feel somewhat uneasy about the conclusions 
reached in a view of the numerous assumptions 
and projections required. Nevertheless, this 
book should help focus attention to the long-run 
policy significance of fundamental developments 
and changes in agriculture. 


Martin K. Christiansen 


Agvicultural Finance 


By Aaron G, Nelson and William G, Murray, Sth ed, 
lowa State University Press, Ames, 561 pages, 1967, 
$8,50, 


RADITIONALLY, agricultural economists 
T have viewed agricultural finance as a rather 
narrow subject or subdiscipline. Research and 
teaching in this area have centered pretty much 
around credit or the supply and demand for 
borrowed funds. These have included, at the 
micro level, study of how much credit to use 
and, at the aggregate level, the supply of funds 
and the processes and institutions of inter- 
mediation. Perhaps this view was sufficient as 
long as economists, farmers, and policymakers 
were preoccupied with technological change and 
production efficiency. 

But new and innovative changes are taking 
place outside as well as inside the domain of 
institutional credit and these changes are re- 
shaping the financial structure of the farm sec- 
tor. Technology has paved the way for innovation 
in the way financial resources are used tocom- 
mand the services of production resources. 
Possibilities for separation of resource owner- 
ship from use of resource services point to 
likely changes in patterns of asset ownership; 
in farmers' methods of acquiring access to 
services of resources such as land, machinery, 
and livestock; and in the allocation of income 
within the farm sector as well as between the 
farm and nonfarm sectors. New sources of 
financing production have emerged, some of 
which involve changes in the financial, business, 
or even legal organization of the farm firm. 
These are but a few examples of some important 
phenomena which are properly within the scope 








of agricultural finance. Unfortunately, in their 
new edition of Agricultural Finance, Nelson and 
Murray fail to deal effectively with these broader 
issues, 

The book contains much that makes it useful 
both as a classroom text and as a handy ref- 
erence for the economist's library. For example, 
the concepts, terminology, and definitions related 
to the use of credit are included, There are 
useful explanations of "discounting" and "present 
value" as well as all the standard formulas one 
needs for discounting returns over time, calcu- 
lating effective rates of interest, etc. In addition, 
there are explanations and examples of cash 
flow analyses and budgeting aids for planning 
the use of credit. Part 2 of the book is devoted 
to a thorough description of the major lending 
institutions which serve agriculture. The authors 
have also sought to update the text and have 
added a chapter on basic economic principles 
and a new chapter on farm financial manage- 
ment. These tend to broaden the book's pers- 
pective and enhance its value as a text fora 
first course in agricultural finance. 

However, there are some shortcomings, The 
first is the very narrow focus on the use of and 
the markets for borrowed funds. "Agricultural 
Credit"' would be a more appropriate title for 
the book. To wit: Part 1 is built around the 
development of guidelines for the use of credit 
by farmers; part 2 is a description of credit 
institutions, In chapter 4, the authors list seven 
alternative means of acquiring capital to farm 
and discuss each briefly. Number 7 is "bor- 
rowing.'' Numbers 1 through 6 are essentially 
ignored for the remainder of the book, 

A second shortcoming is that farm financial 
management is viewed in terms of income maxi- 
mization and efficiency of resource use via 
marginal analysis. This fails to distinguish an 
important new area of finance research from 
traditional production economics, Farm financial 
management includes the problems of acquiring 
and using the services of financial resources 
to achieve firm goals, whatever they may be. 

Even the discussion of credit has its short- 
comings. Part 1 opens with a quotation from 
Thomas Nixon Carver warning the reader that 
credit is something to be used judiciously. 
Throughout the text the authors never let the 
reader forget the dangers of overuse of credit. 
A positive approach, building on the use of debt 








as a powerful tool for expanding the leverage of 
a farmer's own financial resources, would have 
been more reireshing. 

A more serious fla in part 1 is its failure 
to deliver what is promised; Effective guide- 
lines for the use of credit. Chapters 5 through 
13 are built around the 3 R's of credit use: 
(1) Returns, (2) Repayment capacity, and (3) Risk- 
bearing ability. The chapters on Returns as a 
Guide in the Use of Credit focus on the use of 
marginal analysis as a guide to allocating dollars 
to alternative enterprises and selecting least- 
cost production practices. This is appropriate 
for a production economics text but is relatively 
trivial as a guide for use of credit. Other 
chapters describe various measures of returns, 
descriptions of factors affecting interest rates, 
and explanations of alternative measures of 
interest rates, But after three chapters on the 
subject, one still wonders how he should use 
returns as a guide to use of credit. Similarly, 
the chapters dealing with repayment Capacity 
and risk-bearing ability contain much useful 
information, but fail to establish a complete 
decision framework for the use of credit. 

What is missing in the micro section is the 
development of a system of analysis that has 
management of financial resources to achieve 
alternative financial goals as the central theme, 
and analyses of alternative ways of acquiring 
financial resources as integral parts of 
the system. In short, farm financial manage- 
ment rather than credit use should be the central 
thrust of micro agricultural finance, It naturally 
follows that what is missing from the macro 
section is some evaluation of the implications 
of opportunities and changes at the micro level 
for the financial structure of the farm sector. 

The shortcomings of the book are not so much 
a criticism of the authors as a reflection of the 
state of the arts in agricultural finance research 
and teaching. The authors have made a com- 
mendable attempt to update the text and to 
acknowledge new areas of interest; but like most 
revision of texts, the book suffers from the 
natural temptation to use earlier editions as a 
starting point. What is needed is a fresh start. 


John E, Lee, Jr. 
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The Agricultural Research Service 


By Ernest G, Moore, Frederick A, Praeger, New York, 
244 pages, 1967, $5.95, 


NE OF THE first volumes in the new 
Praeger Library of U.S. Government De- 
partments and Agencies, this lively book will be 


of interest to agricultural economists who re- 
member that major parts of what is now the 
Economic Research Service were in the Agricul- 
tural Research Service from 1953 to 1961. While 
this is not mentioned in the brief historical sec- 
tion, the discussions of research problems have 
broad implications for economists and statis- 
ticians. 


U. S., GOVERNMENT PRINTING OFFICE: 1968 O - 322-388 
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